Abstract
Introduction
In the present state of energy crisis, efforts are being made to reduce the dependence upon non renewable source of energy. One of such is the fuel alcohol produced by the fermentation of agricultural /agro-industrial wastes and by products 1 . Approximately 80% of the world supply of ethanol is produced by fermentation of sugar and starch containing crops or byproducts from industries 2 . Because of the increasing demand for ethanol, there is a need to search for high yielding strains and less expensive technology for production of ethanol so that it can be made available at a cheaper rate. One such process is the yeast cell immobilization which facilitates faster fermentation rates by providing higher cell densities per unit fermentation volume 3, 4 . Ethanol fermentation from different raw materials containing carbohydrates has to be studied extensively in the future. One such is the cheese whey. The disposal of whey is a worldwide problem in dairy industry. Large quantities of whey are produced as a byproduct during the manufacture of cheese and casein; which must be processed in an environmentally acceptable form before disposal as they can quickly deplete oxygen level in natural water systems because of its high chemical oxygen demand of about 60 kg-m -3 5, 6 . In our study, Yeast cells were immobilized on alginate agar and agarose beads. Besides this free cells were also used. A comparative study was performed between immobilized and free cell to get maximum ethanol from whey. The fermentation of cheese whey was optimized with respect to temperature, pH and rpm. This study will help in managing the dairy waste product in Nepal to convert into value added product which can be used as fuel, mouth wash, hospital solvents, perfumes etc 7, 8 .
Experimental Methods

Materials
Dry yeast purchased from PRIME Instant Dry Yeast, Batch No: 1303B, AB Mauri India Pvt. Ltd. India. Cheese whey supplied by Nepal Dairy, Khumaltal, Lalitpur.
Methodology
The yeast cells were isolated on Yeast Extract Peptone Dextrose (YEPD) media containing 1 gm Yeast extract, 2gm Bacto-Peptone, 2 gm dextrose and 1.5 gm agar in 100 ml distilled water using spread plate technique after serial dilution of dry yeast. The isolated colonies were subcultured to get pure colony. Cells were tested for its morphology under digital microscope 9 . Glucose fermentation test, Urease test, starch hydrolysis test, Nitrate reduction test were performed to confirm the strain 10 .
The percentage of reducing sugar in whey was estimated by following the protocol provided by Miller 11 . Specific gravity 12 and fat content 13 whey was determined. Protein content in whey was estimated by Lowry's Method using the Bovine Serum Albumin as standard 14 .
Immoblization of yeast cells
Yeast cells were immobilized in agarose bead using ice cooled paraffin oil. After the beads formation, it was washed twice with distilled water and used for fermentation. Cell immobilized alginate beads were prepared 3, 15 .
Fermentation
Fermentation was carried out by culturing cells in 200 ml whey in 250ml conical flasks for optimization of temperature, pH and rpm. Ethanols produced were estimated spectrophotometrically 16 .
Results and Discussion
Creamy white colonies isolated showed budding as shown in fig 1. The motility and budding was then observed under the microscope. Table 2 showed that it can be an ideal carbohydrate source for ethanol production which can be further enhanced by lactose hydrolysis 17 . 
Physical properties and chemical composition of whey in
Figure1: Yeast cells observed under digital microscope.
Table1: yeast identification test
14.95%
Optimized temperature for ethanol production was found to be 35 o C as shown in Fig 2. 4 .5, 5.0 and 5.0 were found to be optimized pH for agarose, alginate and free cells (Fig 3). Fig 4 revealed that the optimized rpm for the systems were 120, 100 and 80 rpm respectively. Requirement of elevated rpm in immobilized system may be due to the problem in substrate transfer 18 . When immobilized beads are reused, showed effective ethanol production with 40% and 41% ethanol recovery respectively by agarose and alginate beads Table 3 . Reuse of immobilized bead make the production economic 19 . 
Conclusion
The above study suggests that yeast isolates could contribute for the production of the ethanol from cheese whey. The isolate closely resembles with Saccharomyces spp. Agarose immobilization technique displayed better ethanol yield (4.35%) in optimized condition than alginate and free cell technology. The reuse of these beads also showed significant amount of ethanol production which indicates that immobilization technique is more economic than using free cells. Downstreaming process and wash out problems can also be minimized by this technique. Furthermore by using dairy waste (whey) as a substrate for production of ethanol is useful technology to enhance environment scenario and can be used as a biofuel and other purposes for today's perspective of world.
